compared to the general population [1] . This markedly elevated risk of CVD has been attributed to diverse pathological changes associated with advancing kidney disease, including hypertension, left ventricular hypertrophy, anemia, coronary calcification, and endothelial dysfunction [2] .
Most studies of PA in the ESKD population have involved dialysis populations, while a few have focused on PA levels among KTRs. In a small study, 32 KTRs selfreported their PA at 1, 3, 6, 12, and 60 months [3] . KTRs had PA similar to elderly individuals in the general population, and PA levels increased approximately 30% of their baseline by 1 year after transplantation.
The aims of this study were to (1) assess pretransplant PA in a prospective cohort of incident and racially diverse KTRs, (2) identify predictors of pretransplant PA, (3) evaluate changes in PA after transplantation, and (4) determine the association between pretransplant PA with all-cause mortality and death with graft function.
Materials and Methods
We conducted a prospective cohort study of KTRs, who were recruited during their initial transplant hospitalization or shortly following their transplant. Recipients of multiorgan transplants were excluded, except for kidney-pancreas recipients. The primary outcome was mortality and the primary exposure was pretransplant PA.
Institutional review board approval was obtained. Informed written consent was collected from all participants.
Physical Activity
Pretransplant PA was measured using the Physical Activity Scale for the Elderly (PASE) questionnaire in recipients recruited between August 2000 and June 2004. The PASE is a 10-item instrument which assesses PA in the domains of leisure, household, and work activities, and takes 5 min to complete. Respondents were instructed to report their PA level for the prior week. Though originally designed for individuals over 65 years of age and developed with reference to accelerometer data [4] , the PASE has been validated in cohorts of nonelderly, chronically ill, and sedentary individuals, as well as patients with ESKD [4, 5] . The PASE score has also been correlated with physiological measurements such as VO 2 [6] . The PASE score is computed by multiplying the duration of time spent in each activity in hours per day over a 7-day period by the respective weights and summing the scores of all activities. Because PASE scores were not normally distributed, we empirically divided recipients into tertiles of PASE scores. We also evaluated PASE as a continuous variable and as the natural log of the PASE score.
In additional secondary analysis using established methods, we calculated metabolic equivalents of task using the responses from the PASE questionnaire [7] . A subset of recipients had a second questionnaire completed a year after transplantation.
Delayed Graft Function and Mortality
Delayed graft function was defined as the need for dialysis during the first week after transplantation. Mortality was assessed through medical records and through the Social Security Death Index. Survival time was defined as time from transplant to death in years or March 31, 2011. Death with graft function survival time was defined as time from transplant to death in years or March 31, 2011 with censoring on date of allograft failure.
Statistical Analysis
All data analyses were performed using Stata Version 10.1 (Stata Corp., College Station, Tex., USA). Since PASE scores were not normally distributed, we created tertiles of PA, stratified by gender as per other reports [8] . We determined associations between PASE tertile and other participant attributes using ANOVA for continuous variables or 2 for categorical variables. In addition, we report total PASE scores categorized as limited ( ! 50.0), low (50.1-200.0), and high ( 1 200.0) PA to allow comparisons with previously reported PASE results based on cross-sectional studies [9] . We evaluated the change of PA after transplantation using previously described methods [10] .
Kaplan-Meier survival analysis was used to evaluate mortality and death with graft function based on PASE score tertile. Significance was evaluated using the log-rank test.
Multivariable Cox proportional hazard models were used to evaluate risk factors associated with mortality and death with graft function. Both unadjusted and adjusted models were used to identify factors that were predictive of mortality events in multivariate models with PASE score. Appropriate diagnostics were performed to ensure that the proportionality assumption was not violated in the implementation of the Cox model. We selected a priori variables that had been previously associated with survival as well as considered covariates with p ! 0.20 in univariate models for inclusion in the survival analyses. Covariates that were considered included recipient and donor age, race, gender, education, income, transplant type (deceased vs. living donor), HDL, triglycerides, Apo A1, BMI, history of smoking, CVD, diabetes, and ESKD vintage. Income was not entered into the final multivariable models due to underreporting.
A small proportion of patients had missing data (smoking history: n = 25, dialysis vintage: n = 17, BMI: n = 14, delayed graft function: n = 2). In order to explore the potential for bias due to nondifferential missing data, we performed secondary analyses using the multiple imputation by chained equations (MICE) procedure, and using sensitivity analyses. A total of 10 imputed datasets were created. Results were similar to those presented with all the nonmissing data in table 1 .
Results
Five hundred and fifteen recipients completed the PASE questionnaire within 2 weeks of transplantation. The median time from transplant to questionnaire completion was 3 days. Due to missing data, eight PASE scores could not be calculated. Therefore, the cohort was comprised of 507 recipients with complete questionnaires. Table 1 describes the characteristics of recipients according to PASE score tertile. The majority of the cohort was male (61.0%), non-African American (68.2%), and received deceased donor transplants (63.1%). The mean ( 8 SD) age was 47.8 8 12.8 years. Kidney disease was most commonly attributed to hypertension (67.3%), diabetes (27.1%), and polycystic kidney disease (14.3%). Over one third of the participants had a history of cardiovascular events pretransplant and 31.4% had diabetes. Figure 1 displays the distribution of the PASE scores. The median PASE score was 92.7, with a range of 0-415.96 (25-75th interquartile range: 58.6-141) and a mean of 105.3 8 70.2. The average PASE score was 103.3 8 71.5 for men and 108.3 8 68.1 for women. Recipients with higher scores were younger, less likely to have diabetes, and less likely to smoke. Using the activity category, 20% of recipients were in the limited category while the majority was in the low category (70.2%). Only 9.6% were in the high activity category.
PA Score
With regard to leisure activity, 14.6% reported participating in light sports and 18.7% reported endurance training at least once per week. About a third of the recipients reported volunteering or working outside of the home at least part-time. There were no significant gender differences in the work (17.3 vs. 19 .0, p = 0.59), leisure (24.3 vs. 21.5, p = 0.36), and household subscores (61.8 
PA and Mortality
Median follow-up from transplantation was 8.4 years (interquartile range: 7.2-9.6), with a total of 3,990 personyears of observation. There were 128 deaths during the study period; among these, 101 of the deceased had functioning grafts. PASE scores were significantly higher among recipients who survived versus those who died (111.7 8 71.6 vs. 86.1 8 62.0, p ! 0.001). Longer survival was also associated with younger age (46.0 8 12.7 vs. 53.1 8 11.0 years, p ! 0.001) and shorter ESKD vintage (2.64 8 3.3 vs. 4.5 8 5.5 years, p ! 0.001). In addition, recipients who survived were less likely to have diabetes (26.4 vs. 46.1%, p ! 0.001), CVD (24.9 vs. 42%, p ! 0.001), and a smoking history (44.5 vs. 63.8%, p ! 0.001), and were more likely to have an income USD 1 40,000/year (82.5 vs. 67.6%, p = 0.001). Recipients who survived were less likely to have deceased donor transplants (60.2 vs. 71.9%, p = 0.02). There were no differences in BMI, race, and sex between the recipients who survived and those who expired.
There was also a graded association between activity category and death. In the limited category 36.3% of recipients died, while in the low category it was 23.3% and in the high category it was 16.3% (p = 0.01). Table 2 depicts the multivariable models. Model 1 was adjusted for demographic variables and Model 2 was additionally adjusted for comorbidities. The highest PASE tertile (active group) had significantly longer survival after multivariable adjustment for demographic and clinical attributes as well as comorbidities. In our analysis by Sensitivity analyses revealed similar results when the primary exposure was the PASE score as a continuous measure or as the natural log of the PASE score, and when the primary exposure was metabolic equivalent of task. Figure 2 a represents the Kaplan-Meier estimates of cumulative overall mortality for kidney recipients by gender-stratified PASE score tertile (p ! 0.01). Figure 2 b represents the Kaplan-Meier estimates of cumulative overall death with graft function stratified by PASE score tertile (p = 0.02).
In a subset of participants (n = 291) with HDL measurements on the date of transplant, an HDL level 6 40 mg/dl was also predictive of improved survival [HR: 0.45 (0.25-0.82), p = 0.01]. The relationship between PA and mortality was unchanged.
Change in PA Follow-up measurements were available in 290 recipients a median of 11.1 months after the first questionnaires. The recipients with a follow-up questionnaire data had similar baseline PASE scores compared to those without it (median: 91 vs. 93.6, p = 0.82). While most characteristics were similar to the complete cohort, those with a follow-up 44, p = 0.02). There was no change in activity category in most recipients (64.8%). However, 19.7% had increased their activity by at least one category, and 15.5% had decreased their activity by at least one category. We evaluated change in score using several measures. While 42.4% of the recipients had an increase in score of 20, only 16.2% increased it by 70 which is 1 SD of the PASE score. The mean PASE score difference for the cohort was 6.2 (range: -247 to 222.7). We did not find any association between change in PASE score (percentage change or absolute difference) and mortality adjusted for the variables in our full mortality model.
Discussion
This study reveals that KTRs engage in modest levels of PA at the time of transplantation. Higher PA at the time of kidney transplantation was significantly linked to decreased mortality and death with graft function independent of other established predictors of mortality. During the first year after transplantation, there were modest improvements in PA. Our study therefore extends the association of PA with all-cause mortality to incident KTRs in an ethnically diverse cohort. We did not find an association between change of PA after transplantation and mortality.
Despite having a wide age range, the recipients in our cohort had PASE scores that were similar to those previously described in the elderly. The PASE scores of the recipients by gender correspond to the PASE scores of 70-to 75-year-old men and 65-to 69-year-old women in the general population. The PASE scores obtained were slightly higher than previously described for a cohort of 39 prevalent dialysis patients (105.3 8 70.2 vs. 90.3 8 76.8) likely reflecting their transplant eligibility [6] .
Confirming prior studies, age, diabetes, and ESKD vintage were significantly associated with mortality [11] [12] [13] . The strong relationship between PA and mortality in our study confirms recent studies of physical function among KTRs. Pretransplantation physical functioning, as revealed by the physical function subscale of the Medical Outcomes Study Short-Form 36 questionnaire, was found to be a significant predictor of hospitalization and death among 366 incident dialysis patients who received a transplant within 24 months of starting dialysis [14] . In a retrospective study of 402 recipients, Yango et al. [15] found that pretransplant inactivity predicted recipient survival. Recently, Zelle et al. [8] using a different PA questionnaire found a strong association between low PA and all-cause mortality in prevalent KTRs who were transplanted at least a year earlier.
Our findings have important clinical implications. Sedentary lifestyle is associated with increased risk of CVD mortality among individuals with hypertension and diabetes [16] [17] [18] [19] . PA is a modifiable risk factor for death. Exercise programs have been shown to improve survival as well as improve glycemic and blood pressure control [20, 21] . In the kidney transplant population, exercise interventions have been shown to increase peak oxygen intake and muscle strength [22] . The benefits of exercise in kidney replacement therapy participants were notable in physiological parameters, such as VO 2 maximum which increased during a 6-month aerobic exercise program and peak exercise heart rate which decreased from a mean 158.6 8 21 to 150.5 8 22.7 in KTRs [23] .
Collectively, these findings suggest that the level of PA should be evaluated among kidney transplant candidates and recipients. Counseling kidney transplant candidates and recipients to increase the level of PA could have important health benefits and potentially increase their survival.
Inferences about the impact of changes in PA on the risk of mortality should be made with caution. While it is possible that we were unable to contact the more active participants for follow-up, there was no difference in baseline PA between those that completed a second questionnaire and those without it. One small study of 32 adults noted a 30% improvement from baseline at 1 year, but no further improvement up to 5 years after transplantation [3] .
While our study involved a prospectively followed, large, racially diverse cohort of incident KTRs with long follow-up, this study has limitations including selection bias. KTRs who agreed to participate in the study may not have had equivalent PA compared to individuals who declined participation. Residual confounding is also likely due to inadequate adjustment for unmeasured covariates.
In conclusion, we demonstrated a strong association between low pretransplant PA and increased risk of mortality after transplantation. Clinical exercise intervention trials are needed to determine if training programs preor posttransplant improve mortality outcomes. Evaluation of PA level may be beneficial during the evaluation of candidates for kidney transplantation, and patients listed for transplantation should be encouraged to exercise.
